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ABSTRACT: Ribosomal DNA for internal transcribed spacers ITS, ITSl, 5,8S rRNA gene, ITS2 and 
the adjoining regions of the 17S and 25S rRNA genes were obtained from 45 individuals of Imperata 
cylindrica (Cogongrass) in Taiwan via PCR amplification. The length of each PCR product was 692 
bp, except for one sample (about 702 bp). All ITS DNA fragments were digested with £eoRV, Cfol^ 
Ban\, HaeWl, Mspl^ Hinjl, BsiOl, Sau96\, 5fyl and f'ralOOI, respectively. The ITS, including ITS I, 
5.8S rRNA gene and ITS2, were very heterogeneous within an individual of Cogongrass in Taiwan, 
Of 45 individuals of Cogongrass in Taiwan, the ITSl and ITS2 regions showed at least eight type 
variants, and 5.SS rRNA gene showed at least five type variants among Cogongrass population in 
Taiwan based on PCR-amplificd RFLP, In conclusion, the ITS repeat sequences from Cogongrass in 
l aiwan was very high heterogeneous. 

KEY WORDS: Cogongrass, ITS, rDNA, Heterogeneity. 


INTRODUCTION 

Imperata cylindrica (L.) Beauv. var. major (Nees) C. E. Hubb. cx Hubb. & Vaughan 
[Cogongrass], an aggressive rhizomatous grass, distributed widely in many parts of the world 
from tropical to subtropical areas (AL-Juboory and Hassawy, 1980). It can be spread by both 
seeds and rhizomes (Wileut et al., 1988). The light thistle-like seeds of Cogongrass are 
capable of being transported over great distances, leading its wide and great distribution. The 
amount of seed production is tremendous, and seeds can well adapt the new environment 
(AL-Juboory and Hassawy, 1980; Dickens, 1974). 

In higher eukaryotes, ribosomal RNA genes (rDNAs) are organized as families with 
repeated genes in tandem arrays at the nucleolar organizer regions of chromosomes. The copy 
number of repeated genes in rDNAs usually reveals from 100 to 1,000 copies per diploid cell 
in animals, while it carries from 500 to 40,000 copies per diploid cell in plants. Each 
repeating unit usually consists of the transcribed region (coding for 5,8S, 17S and 25S rRNAs) 
and the intergenic spacer (IGS) which consists of the transcribed spacer and non-transcribed 
spacer regions between 17S and 25S rDNAs (Kato et al, 1990; Perry and Palukaitis, 1990; 
Appels era/., 1980; Waldron et al, 1983; Rogers and Bendich, 1987; Taira et al., 1988). 
The precursor RNA (transcription unit) undergoes a series of processing to be mature 5.8S, 
17S and 25S rRNAs (Cordcsse et al. 1990; D’Ovidio, 1992). The 17S rRNA gene of each 
transcription unit is separated from the 25S rRNA gene by an intergenic spacer, whereas the 
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5.8S rRNA gene is separated from the I7S rRNA gene and from the 25S rRNA gene by 
internal transcribed spacers, named ITSl and ITS2, respectively (Takaiwa et al, 1985; Barker 
era/., 1988; D’Ovidio, 1992). 

The mature 17S, 5.8S and 25S rRNA genes and ribosomal protein assemble ribosome 
subunits. Therefore, ribosomal RNA (rRNA) plays a central role in protein synthesis, and it is 
important in growth, development and reproduction of organisms (Stem et al., 1989). The 
nucleotide characterization of the internal transcribed spacers (ITS 1 and ITS2) should bring 
insight into the roles of these regions in rRNA processing and in the control of ribosomal 
production (D’Ovidio, 1992; Baldwin, 1992; Liu and Schardl, 1994). One of the advantages 
of rDNA as a phylogenetic tool is that the repeat unit consists of several regions, having 
different rates of sequence evolution. Therefore, the different regions of rDNAs can be used 
to examine lineages with the different levels of divergence (Suh et al, 1993). As a result of 
functional and structural constraints, ribosomal RNAs show strong evolutionary conservation. 
Therefore, sequences of 5.8S, 17S and 25S rRNAs arc useful for estimating phylogenetic 
relationships among taxonomically diverse organisms (Clark, 1987; Pace et al., 1986). By 
contraries, the IGS and ITS regions show much more divergence, providing utility for 
comparison among closely related organisms or for microevolutionary process among 
populations even within population (Baldwin, 1992, 1993; Schaal and Learn, 1988; Ritland 
and Straus, 1993; Liu and Schardl, 1994). 

In fact, the sequence comparison of the ITS of rDNA has been used to reconstruct the 
phylogeny of numerous plant families, such as Asleraceae (Baldwin, 1992, 1993; Bayer et al., 
1996; Kim and Jansen, 1994; Sang et al, 1995; Schilling and Panero, 1996), Winteraceae 
(Suh et al, 1993), Agavaceae (Bogler and Simpson, 1996), Poaceae (Sun et al, 1994; Hsiao 
et al, 1995), Viscaceae (Nickrent et al, 1994), and Apiaceae (Downie and Katz-Downie, 
1996). The ITS region has several advantages for phylogenetic sequence analyses, such as (1) 
the rate of evolution is suitable for studies at the specific and generic levels, (2) it is easy to 
align because of very little length variation at the generic level in flowering plants, (3) it can 
offer enough characters to reconstruct phylogeny, and (4) the primers are easy to design to 
amplify the ITS region (Bayer et al, 1996). Several reports have revealed that the ITS 
variants (in sequence) were found within an individual by PCR-arapIified sequencing (Sang et 
al, 1995; Boy sen et al, 1996) or by restriction fragment length polymorphism (RFLP) 
(Wendel et al, 1995). The technique of PCR-amplified RFLP was introduced first time to 
detect the variation of the chloroplast genes rpoC\, and rpoC^ among 14 species ofAstragalm 
(Fabaceae) (Liston, 1992). Since then several reports have been appeared to show the genetic 
variation of chloroplast DNA (Ghareyazie et al, 1995; Tsumura et al, 1996; Lashermes et al, 
1996; Ziegenhagen and Fladung, 1997), or specific region of nuclear DNA in plants 
(Ghareyazie et al, 1995), or mitochondrial DNA in animals (Wilding et al, 1997). 

The aim of this study was to elucidate the heterogeneity of the ITS of rDNA from I. 
cylindrica populations in Taiwan based on PCR-amplified RFLP instead of sequencing. 


MATERIALS AND METHODS 


Sites of sampling 

Fifteen sampling sites selected for the present study arc located at Fengshan (A), Potzu 
(B), Fengyuan (C), Chuangwei (D), Hualien (E), Chengkung (F), Yehliu (G), Sarlum (H), 
Hoshe (I), Kengting (J), Penghu (K), Lutao (L), Lanyu (M), Chuwei (N), and Nankang (O) 
(Fig. 1). 
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Fig. 1. The sampling locations of /. cylindrica in Taiwan. The alphabets indicate that the samples were analyzed 
in the present study. The abbreviations of sampling sites are: A (Fengshan), B (Potzu), C (Fengyuan), D 
(Chuangwei), E (Hualien), f (Chengkung), G (Yehliu), H (Sarlum), I (Hoshe), J (Kcngling), K (Penghu), L 
(Lutao), M (Lanyu), N (Chuwei) and O (Nankang). 

Plant materials 

Rhizomes of Cogongrass collected from the aforementioned sites were transplanted into 
pots which were set in the greenhouse of the Institute of Botany, Academia Sinica at Taipei, 
Taiwan. 

Preparation of total cellular DNA 

Total cellular DNA from the leaves of transplanted Cogongrass was prepared by using an 
extraction technique modified from that of Shurc et al. (1983). Point five grams of fresh 
leaves were harvested and ground to powder with liquid nitrogen in a mortar and pestle, then 
transferred into a 1.5 ml centrifuge tube containing 700 pL of urea buffer (8.0 M urea, 0.05 
M NaCl, 0.05 M Tris-IICl pH 7.5, 0.02 M EDTA, 1% sarcosyl) preheated in 60°C water. We 
mixed the sample throughly and incubated it in a water bath at 60°C, inverting the tube 
constantly. Wc, then, added 700 pL phenol: chloroform=l:l (v/v, Tris pH 8.0 saturated), 
inverting many times gently, and centrifuged the tube at 10,000 rpm (Sigma 2K15; NiT2139) 
for 10 min at 4°C. After adding 0.7 volume of 2-propanol and l/IO volume 4.4 M NH 4 OAC, 
the supernatant was transferred to a new centrifuge tube by filtering through two layers of 
miracioth. The mixture in tube was centrifuged at 10,000 rpm for 10 min at 4‘’C, and the 
precipitated DNA was collected. The DNA pellet was resuspended with 400 /^L TE (10 mM, 
Tris-HCl pH 8.0, 1 mM EDTA) and incubated with 5 pg DNase-free RNase (Sigma) for 10 
minutes at 65°C ■ The RNase and remaining protein were extracted with an equal volume of 
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phenol: chloroform =1:1 (v/v, Tris pH 8.0 saturated) and centrifuged at 10,000 rpm for 10 min 
at 4'’C. The supernatant was transferred to a new tube. Then, DNA was precipitated by the 
addition of a 1/10 volume 4.4 M NH 4 OAC and three volumes of 95 % ethanol. Precipitated 
DNA was colleeted by centrifugation at 10,000 rpm for 10 min at 4°C, washed with 70 % 
ethanol twice, and dried before being redissolved in 200 of TE. Approximate amount of 
yields was calculated by a spectrophotometer (Beckman DU-20), and the DNA samples were 
stored at -20°C. 

PCR amplification 

Oligonucleotides used for PCR priming were designed from the conserved regions of the 
3’end of 17S rDNA sequence and the complementary sequence of the 5’end of 25S rDNA 
(Takaiwa et al, 1984, 1985; Kiss et a/., 1989 a, b). Two primers for amplifying the ITS of 
Cogongrass rDNA were designated as ITl: 5’ CGTAACAAGGTTTCC 3’ and 1T2: 5’ 
AGTTTCTTCTCCTCC 3’ (Fig. 2), PCR reactions were performed by using a 50 fiL mixture, 
containing 10 mM Tris-HCl pH 9.0, 50 mM KCl, 2 mM MgClj, 0.01% BSA, dNTPs (0.4 mM 
each), primers (0.5 //M each), 2.5 units of Tag DNA polymerase (Promega Co.), 80 ng 
genomic DNA and 50 /iL mineral oil. Amplification reactions were done in a dry-block with 
two-step thermal cycles. In the first step, the mixture was incubated at 94°C for 5 min, and 
then 10 cycles of denaturation at 94°C for 45 sec, annealing at 52'’C for 20 sec and extension 
at 72°C for 1 min. In the second step, processes were conducted as follows: 30 cycles of 
denaturation at 94°C for 45 sec, annealing at SOG for 20 sec, extension at 72°C for 1 min, and 
then a final extension for 10 min at 72°C. PCR products were detected by agarose gel (0.8%, 
w/v in TAE), with 0.5 /rg/mL of ethidium bromide, and photographed under the exposure of 
UV light. 




1T2 


ITS region 


Fig. 2. The structure of ribosorrial DNA in plants. The positions of internal transcribed spacer (ITS) regions 
relative to 17S, 5,8S and 25S rRNA genes and the intergenic spacer (IGS). Relative positions of primers (ITl 
and IT2) used for PCR and sequencing arc indicated. 


Restriction enzyme digestion 

DNA fragments amplified by PCR were digested with ten restriction enzymes, namely 
EcoKV, Cfol, Ban\, HaelW, Mspl, Hinjl, BstOl, Sau96i, 5(yl and £col09I. All restriction 
enzymes digested were carried out under the conditions recommended by manufacturers 
(BRL or Promega Co.), using 5-10 units of enzyme per microgram of DNA, and there were 
incubated for overnight. 
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Gel electrophoresis 

Approximate 5-10 of digested DNA mixed with tracking dye [0.25% bromophenol 
blue, 40% (w/v) sucrose in water] were electrophoresed overnight at 50V-80V in 2.5% -4.0 % 
NuSieve 3:1 agarose gels (FMC Co.) with 0,5 //g/mL EtBr. The patterns of bands was 
examined under the UV light. 

DNA labeling and Southern hybridization 

The DNA bands on the gels was recovered by glassmilk (BIO 101 Co., Geneclean Kit II). 
Probes were labeled with digoxigenin. Prehybridization and hybridization were performed 
with a non-radioactive DNA labeling and detection Kit (Boehringer Mannheim). Detection of 
hybrid DNAs was achieved by chemiluminescent reaction using AMPPD on Kodak x-omat 
film. Immunological detection was also done using color solution (containing NET solution 
and x-phosphatc) on a membrane (Boehringer Mannheim Co.). The aforementioned reaction 
protocol was recommended by the manufacturers. 

DNA cloning and sequencing 

The PCR product was recovered by glassmilk, cloned into T-vector (Promega Co.) and 
transformed into the E. coli strain ‘JM109’ competent cell (Promega Co.). After bacteria 
culture and plasmid extraction (Boehringer Mannheim Co., Qiagen-tip 20), the DNA sample 
was sequenced by the dideoxy chain-termination method using the Auto Read Sequencing Kit 
(Pharmacia Co.). The aforementioned protocol was recommended by the manufacturers. 


RESULTS 

PCR amplincation and the sequence of ITS region 

The ITS regions from 45 individuals of Cogongrass were completely amplified during 
PCR using primers ITl and 1T2. The length of each PCR product is 692 bp, excepted for 
sample M2 (about 702 bp) (Fig. 3). The sequence of sample A3 represented the ITS (Fig. 4). 
The PCR product of sample A3 consists of 66 bp of 25S rRNA gene, 584 bp of ITS region, 
and 42 bp of 17S rRNA gene. The ITS region constitutes 205 bp of ITSl, 163 bp of 5.8S 
rRNA gene and 216 bp of ITS2. The PCR product of sample A3 was hybridized with the 
remaining PCR products of other samples, confirming that the sequences were also 
represented ITS (data not shown). 



Fig. 3. The ITS region of rDNA in 15 populations of/, cyiindrica in Taiwan. The ITS region was obtained by the 
PCR amplifiealion of primers ITl and IT2. The abbreviations of sampling sites see Fig. 1. The arabic numbers 
indicate different samples of each population. 
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nSrRNA gene 

ICGTAACAAGG TTTCCGTAGG TGAACCTGCG GAAGGATCAT~Tg| tCGTGACC CTTAAftCAM flCAGACCGCG 70 


AACGAGTCTC TCGTGCCGCC GGGCTCCGGC CCGGCCAAGG CCCCCGAGCT CCGTCCCGGG GCGGAGGGGC 140 

ITSl 

CGCAACAGAA CCCACGGCGC CTAGGGCGTC AAGGAACACT TCTATTGCCT TGCTCGGCGG ACGGTGGGCC 210 
V I, II + , in. IV+. V, VI I, II, III, 1V‘, V, Vl‘ 

TGCCTTCCG£LJ^i:CGCGCA GAGTGC^^ TTAATCC ]^ CGAC'fCTCGG CAACGGA-^T CTCGGCTCT^ 280 

III 

^CATCGATGA AGAACGTAGG AAAATGCGA'I;|aCCTGGTGTG AATTGCAGAA TCCCGCGAAC~CATCGAGTTt| 350 

5.8S rRNA gene 

[TTGAACGCAA GTTGCGCCCG AGGCCTTCTG GTCGAGGGCA CGTCTGCCTG GGCGTCAGGG[ CAAAAGACAC 420 


TCCCAACCCA CCCTCGGGGA GGGACGTGGT GTTTGGACCC CCCCGCCGCA GGGCGCGGTG GGCCGAAGTT 490 

ITS2 

GGGGCTGCCG GCGAACCGCG CCGGGCACAG CACGTGGTGG GCGACATCAG TTGTTCTGGG TGCAGCGCCC 560 

CGGCCCGCGG CCGGCGTGTC GGCCCTAAGG acccatcgag caccgcagcg catcgccgct cggacc [gcg^ 630 


ICCCCAGGTCA GTCGGGACTA CCCGCTGAGT TTAAGCATAT CAATAAGCGG AGGAGAAGAA Gt| 602 

25S rRNA gene 

Fig. 4. Nucleotide sequence of the ITS region in Cogoiigrass (sample A3, belonging to type 11). 3' end of 17S 
rRNA gene, 5.8 S rRNA gene and 5' end of 25S rRNA gene were boxed, cutting with EcoTO/ among 45 samples 
revealed 6 types’ pattern, namely type I (237 bp + 31 bp + 424 bp){main type), type II (268 bp + 424 bp), type 
III (237 bp + 31 bp + 42 bp + 382 bp), type IV (692 bp), type V (221 bp + 16 bp + 31 bp + 424 bp) and type VI 
(237 bp + 455 bp). * indicated restriction site destroyed; recognition sites of EcoRV were underline; nucleotide 
substitutions were bold. 

The digestion of ITS region 

Each PCR product of the 45 individuals was digested with ten restriction enzymes, 
namely EcoRV, Cfol, Banl, HaeUl, Mspl, Sau96\, 5^1 and Eco\09\, revealing 

91 bands in total. Of them, 83 bands were polymorphie. The dendrogram was obtained by the 
UPGMA analysis (data not shown). Based on the dendrogram, no population differenciation 
was detected among the 15 populations in Taiwan. Seven of ten restriction enzymes, namely 
EcoRW, Cfoi, HaeUl, MspV, Hinjl, BstOl, and were able to reveal more polymorphic 
bands in the ITS region of rDNA of Cogongrass, wheras Eco\09\ digestion was less effective 
(Table 1). Furthermore, following digestion by restriction enzymes and separation on an 
agarose gel, minor and major bands were found, indicating that the ITS sequences of rDNAs 
were not different within an individual. 
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Table 1. The distribution of polymorphic bands in the ITS region from 45 individuals of tiogongrass, using ten restriction 


cni:ynies. __ 

The band patten of various 
endonuclease digested (Type) 


Cfoi 

I: 159+69+138+109+35+47+8+45+82 
II: 228+329*^+53+82 
III: 228+138+109+82+8+127 
IV: 475*^+82^8+45+82 
V: 228+237 *’+92+53+82“ 

VI: 159+69 ^ 247*^+82+8+127 
VII; 159+69+138+199’'+45+82 
VIII: 159+69+138+I09+S2+S+45+S2 
Ban\ 

I: 533+159" 

11:390+302’’ 

EcoRV (bi>) 

I: 237+31+424 

11: 268+424 

III: 237+31+42 *'+382'' 

IV: 692” 

V:221+16+31+424 
VL 237+455^ 

Haein 

I: 99+5+6+29+69+165+109+88 
+ 12+110 

II: 99+5+6+29+69+274”+88+12+l 10 
Ill: 65+34+5 - 6+29+69+165+109 
+88+12+110 

IV:110+29+69+165+109+88+12+110 
V: 110+29+69+165+109+88+122 
VI: 139+69+165+109+88+12+110" 


45 accessions of J. cyimdrica 

A B C D E F O H 

1 2 3 1 2 3 12 3 12 3 1 2 3 12 3 1 2 3 1 2 3 

+ + + + + + + + + + + + + ++ + + + + + + + + + 


+ + + + + + 


+ + + + + 

+ + + + 


+ + + + + + 

+ + + + + 

+ + + + + + 


+ + + + + + 


+ + + 

+ + + + + 

+ 


+ + + + 

+ + + 

+ + + + + + 

+ + + + 


+ -f- + + + + + + + + + + + + + + + + + 'h+ + + + 

+ + 


Cfol 

1: 159+69+138+109+35+47+8+45+82 
II: 228+329”+53+82 
111: 228+138+109+82+8+127 
IV: 475 *’+82+8+45+82 
V: 228+237 ”+92+53+82" 

VI: 159+69+247 *'+82+8+127 
Vli; 159+69+138+199 *'+45+82 
VIll: 159+69+138+109+82+8+45+82 

I: 533+159" 

II: 390+302” 

EcoR\ (bp) 

I: 237+31+424 

II: 268+424 

III: 237+31+42 ”+382" 

IV:692” 

V: 221+16+31+424 
VI: 237+455” 

HaelU 

I: 99+5+6+29+69+165+109+88 
+ 12+110 

II: 99+5+6+29+69+274*’ +SS+12+110 
HI: 65+34+5+6+29+69+165+109 
+ 88 + 12+110 

IV: I i0+29+69+165+109+88+12+110 
V:110+29+69+165+109+88+122 
VI: 139+69+165+109+88+12+110’' 


I 


J 


K 


M N 


O 


123 123 123 123 123 123 123 

+ + + + + + + + + + 


+ + + + 

+ + 


+ + +^ + + + + + + + + + + + + + + 


+ + + + + + ++ + + + 

T’ ++ ++++ + + 

+ + + 


+ + + 
+ + 


^ + ^' + + + + + 


a: There was an approximately 10 bp insertion in sample M2 than others 
b: Represent creating or destroying restriction site on 5.8S rRNA gene 


L 
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Table L coutiaued _ 

The band patten of various endonuclease 
digested (Type) 


RsiOl 

1: 3l3'^S3+236+5r 

11:634^+58 

III: 25+288+85+236+58 
IV: 313+306^15+58 
Eci>m\ 

1:480+212" 

Ilhi/l 

1:74+178+76+364" 

II: 74+178+440^ 

III: 252+76+364 
Mspl (bp) 

I: 89+7+5+25+372+13+49+11 121 
U: 126+372+194 
III: 89+7+5+25+445+121 
IV: 96+5+470+121 

V: 89+7+5+25+71+20+281 + 13+49+11+121 
VI:126+372+62+11+121" 

VII: 89+7+5+25+71+301+52+11 + 121“ 

Vni: 89+422+49+11 + 121 
Smm 

I: 98+11+28+318+25+101+8+33+70'’ 
11:98+11+346+25+101+8+33+70 
III: 98+] 1+346+25+109+33+70 
Styl 

I: 105+587 
II: 395^+297 
111:69+623" 

IV: 150+532 
V: 105+55+532 
Vi: 178^514 


_ 45 accessions of/, cylmdrica _ 

A _B_C_ D_ E _F_G_ H 

123 12 3 1 23 123 123 123 12 3 12 3 


+ + + 

+ + 


+ + + 
+ + + 

+ + + 


+ + + 

+ + + 

+ + + 


+ + + 

+ + + 

+ + + 


+ + + 

+ + + 

+ + + 


+ + + 


+ + + 


+ + + 

+ + + 

+ + 
+ + 


+ + + 

+ + + 

+ + + 

+ + 


+ + + 

+ + + 
+ + + 

+ 

+ + 


+ 


+ + + + + 


+ + + + + + + + + 


+ + + + + + + + + 


+ + + + + + + + + + 


+ + + + + + + 


+ + 


+ + + + + 

+ + + + + 


+ + + 

+ + + 


+ + + 
+ + + 


+ + + 
+ + + 


+ + + 
+ + + 

+ 


+ + + 

+ + + 


+ 

+ 


I 

J K L M 

N 

0 

I 2 3 

123 123 123 123 

1 2 3 

1 2 3 


BsKyi 






















1:313+85+236+58“ 



+ 

+ 

+ 

+ 

+ 


4' 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 


+ 

+ 

II: 634''+58 

+ 

+ 



+ 














+ 

+ 


III: 25+288+85+236+58 

















+ 





IV: 313+306^+15+58 







+ 

+ 

+ 













Eeomi 






















1:480+212" 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

Hin/l 






















1: 74+178+76+364" 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

-h 

+ 

+ 

+ 

+ 

+ 

+ 

ri: 74+178+440^ 





+ 

















III: 252+76+364 
















+ 

+ 





Mspl (bp) 






















I: 89+7+5+25+372+13+49+11 + 121 


+ 


+ 

+ 


4- 


+ 

+ 

+ 

+ 

+ 


+ 

-H 





+ 

II: 126+372+194 

+ 

+ 














+ 

+ 


4- 

+ 


III: S9+7+5+25+445+12I 






















IV:96+5+470+121 






















V: 89+7+5+25+71+20+281+13+49+11 + 121 



+ 







+ 


+ 










VI: 126+372+62MH121’" 






+ 








+ 








VTI: 89+7+5+25+71+301+62+11+121“ 













+ 

+ 








Vlll: 89+422+49+11+121 










+ 

+ 

+ 




+ 

+ 





Saum 






















I: 98+11 +28+318+25+101 +8+33+70 “ 


+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

4 - 

+ 

4- 

4- 

+ 

+ 

+ 



+ 

II: 98+ll+346f25M01 i8’33^70 



















+ 

+ 


III: 98+11+346+25+109+33+70 

+ 





+ 
















Siyl 






















I: 105+587 

+ 

+ 

+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

II: 395^297 
















+ 

4 - 

4- 




III: 69+623" 













+ 

+ 

4 - 







IV: 160+532 



+ 

+ 

+ 


+ 


+ 


+ 

+ 

+ 


+ 






+ 

V: 105+55+532 



+ 

+ 

+ 


+ 


+ 

+ 

4- 

4 - 

+ 


+ 






4- 

VI: 178+514 
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The heterogeneity of ITS 1, 2 and 5.8S rRNA gene 

The different types of ITS sequences were revealed within an individual after restriction 
enzymes digestion (Table 1). For example, based on £coRV digestion, the main type I 
consists of 237 bp, 31 bp and 424 bp DNA fragments. Of the 45 individuals, 36 revealed type 
I DNA pattern. The recognition sequence of EcoRV was GATATC. Based on the sequence 
and the electrophoresed^DNA pattern of sample A3 digested with EcoKV, two DNA 
fragments of type II were deduced as 268 and 424 bp. Compared with type I pattern, one 
nucleotide of type II was substituted from A into C on ITSl region, hence there was one extra 
restriction site on ITSl region. Type III consisted of 237, 31, 42 and 382 bp DNA fragments. 
Compared with type I pattern, one nucleotide substitution was deduced (C changed into T) on 
5.8S rRNA gene, one extra restriction site was created on 5.8S rRNA gene. Type IV showed 
no cutting site on ITS region, therefore, restriction site was destroyed once on 5.8S rRNA 
gene and ITSl region, respectively. Type V consisted of 221, 16, 31 and 424 bp DNA pattern, 
one restriction site created on ITSl region was deduced. Type VI consisted of 237 and 455 bp 
DNA fragments, one restriction site destroyed on 5.8S rRNA gene was deduced. Of them, 
types 11, IV and V showed creating or destroying restriction sites on ITSl region. In total, 32 
of the '45 individuals showed the variant ITSl sequence based on fcoRV analysis. 
Furthermore, types III, IV and VI showed creating or destroying restriction site on 5.8S rRNA 
gene. In total, 10 of the 45 samples showed variant 5.8S rRNA genes based on EcoRV 
analysis. Of the 45 individuals, 27 showed more than one type of DNA pattern of ITS 
sequences digested with EcoKV, and up to three types of ITS sequences within an individual, 
including samples FI, Gl, 12 and K2 (Figs. 4, 5, and Table 1). 



Fig 5 The band patterns of ITS region of rDNA of /. cylindrica obtained by using PCR, digested with £coRV 
restriction enzyme, and separated by 2.5% NuSieve 3:1 agarose gel. The abbreviations of sampling sites see 
Fig. 1. The arabic numbers indicate different individuals of each population. 

The various types of ITS sequences of rDNAs from the 45 samples of Cogongrass in 
Taiwan were obtained by restriction enzyme digestion. In this study, EcoKW, Cfol, fiani, 
HaeWl, Msp\, Hinji, BstOl, Sau961 and %I revealed the variant ITS types (ITSl, 5.8S rRNA 
gene and ITS2) of rDNAs, in which %I was the most effective. The different types of ITS 
sequences (shown in the parenthesis) of rDNAs from 45 individuals of Cogongrass in Taiwan 
could be obtained after digestion with restriction enzymes, namely EcoRV (6 types), Cfol (8 
types), Banl (2 types), Haelll (6 types), Mspl (8 types), Hinfl (3 types), BstOl (4 types), 
Sau96\ (3 types) and 5fvl (6 types). Only one type DNA pattern was revealed based on 
Ecol09l analysis. Based on the digestion with 5(yl, up to the four different types of the ITS 
sequences of rDNAs was revealed within an individual of samples FI, Ml and M3 (Table 1). 
The efficiency of heterogeneity of ITS sequences, including ITSl, 5.8S rRNA gene and ITS2 
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region within an individual, was obtained from the digestion of restriction enzymes. The data 
of heterogeneity are given in the parenthesis followed by enzymes, namely fcoRV (60.0%), 
Cfo\ (28.9%), Ban\ (2.2%), HaeiW (8.9%), Msp\ (31.1%), Hinji (13.3%), BstO\ (15.5%), 
Saii961 (0%), i’/yl (82.2%) and Ecol09I (0%), respectively. All samples showed different 
types of ITS sequences within an individual. More specifically, the heterogeneity of 5.8S 
rDNAs sequences based on EcoKV, Cfo\, Banl, HaeWl, Hinji, BstOi and detection was 
22 .2, 35.6, 6.7, 11.1, 8.9, 22.2 and 6,7%, respectively. Furthermore, of the 45 individuals, 20 
individuals showed the heterogeneity of 5.8S rDNAs sequences within an individual. It is 
interesting to note that 5.8S rDNAs sequences are quite heterogeneous in Cogongrass in 
Taiwan. 


DISCUSSION 

Based on the PCR-amplified RFLP analysis, the genetic variation of the ITS of rDNAs 
from Cogongrass in Taiwan was found. No length variation of PCR products within an 
individual from Cogongrass in Taiwan was revealed on gel separation. Sang et ciL (1994) 
obtained the sequence of PCR products in 33 species of genus Paeonia and found different 
pattem.s of nucleotide addition in 14 diploid and tetraploid based on PCR-ampIified 
sequencing. Wendel ei al. (1995) also used Southern Blotting analysis and found the 
restriction site variation of the internal transcribed spacer of rDNA within a laboratory 
allopolyploid cotton. Suh et al. (1993) reported two types of ITS sequences in clones within 
an individual of the Winteraceae. We firstly reported the variant sequences of the ITS of 
rDNAs within an individual based on PCR-ampIified RFLP for the plant of Imperata 
cylindrica in Taiwan. 

ITS sequences of the rDNAs from individuals and populations of Cogongrass in Taiwan 
were very heterogeneous, suggesting that gene conversion or unequal crossing-over might not 
cause homogenization of the parental types of ITS in a hybrid. It is also suggested that only 
one parental ITS type might be revealed in the hybrid (Wendel et al., 1995; Hillis et al., 1991). 
However, Sang et al. (1995) pointed out that concerted evolution could not homogenize the 
parental ITS sequences in the five hybrids of Paeonia. The sequence heterogeneity of 5S 
rRNA gene had exhibited within an individual plant of Eruca sativa (Singh et al., 1993). The 
vegetative reproduction may be a reason for maintenance of parental ITS sequences in the 
hybrids (Baldwin et al., 1995), and the long generation time may be another reason to slow 
the rate of nucleotide substitution (Baldwin et ai, 1995; Suh et al., 1993). In this study, 
Cogongrass is a wild plant which reproduces seeds annually, therefore, it should have a gene 
conversion and unequal crossing-over during meiosis. However, variable ITS sequences 
within an individual among those populations of Cogongrass in Taiwan were revealed. It is 
possible that the light thistle-like seeds are capable of being transported over great distances 
(Dickens, 1974), resulting in high gene How and new hybrids between populations constantly. 

Generally, sequences of 17S, 5.8S, 25S and 5S rRNA are very conserved among 
organisms. It is amazing that the various types of 5.8S rRNA genes of rDNAs were found in 
the Cogongrass in Taiwan based on PCR-amplified RFLP analysis and the sequence 
heterogeneity of 5.8S rRNA genes within an individual plant of the grass was also detected. 
We, thus, proposed that normal and variant 5.8S rRNA genes could coexist in an individual 
but they would not affect the survivorship. 
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